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ABSTRACT

A non-contaminating thermal stress-free reaction con-
tainer for thermal deposition of elemental silicon com-
prised of a base plate and a tubular member placed
thereon which has at least the side walls of the con-
tainer composed of pure silicon.
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REACTION CONTAINER FOR DEPOSITION OF
ELEMENTAL SILICON

" BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to the production of a metal
silicon and somewhat more particularly to a reaction
container for deposition of elemental silicon onto
heated silicon mandrels positioned within such a con-
tainer from a reaction gas fed to the container which is
capable of thermal decomposition to yield elemental
silicon. -

2. Prior Art |

U.S. Pat. No. 3,918,396, for example, describes a
reaction container for deposition of elemental silicon
~ onto heated mandrels positioned within the container.
Generally, such a container comprises a plate-shaped
support member comprised of an upper silver plate and
a somewhat larger lower steel plate. The support mem-
ber is provided with suitable openings for mounting
thereon 1n a gas impermeable manner spaced apart and
appropriately insulated electrodes so that one end of
such electrodes extends above the silver plate and the
other end extends below the steel plate for connection
to a voltage source. The support member also includes
a suitable opening for mounting thereon in a gas imper-
meable manner gas inlet and outlet tubes, which may
be concentrically arranged so that the inner tube com-
prises the gas inlet and the other tube comprises the gas
outlet. A pair of elongated mandrels, preferably com-
posed of pure silicon, are vertically mounted on the
electrode ends above the silver plate and connected to
one another at their upper ends with a bridge member
composed of a temperature-resistant electrically con-
ductive material. The quartz bell jar, which may in-
clude a flange along the lower edge thereof, is posi-
tioned In a gas impermeable manner on the silver plate
and out of contact with the steel plate. This combina-
tion of bell jar and silver plate define the reaction con-
tainer, which in the embodiment described in U.S. Pat.
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SUMMARY OF THE INVENTION

The invention provides a reaction container of the
type described wherein the prior art disadvantages are
eliminated and/or minimized In accordance with the
principles of the invention, at least the lateral walls or
wall portions of a silicon deposition reaction container
are formed of pure silicon. In a preferred embodiment
of the invention, the entire reaction container, such as
the earlier described bell jar, is composed of pure sili-
con. Such lateral wall portions of a reaction chamber
may be formed by deposition of pure silicon on an
appropriately shaped mandrel from a thermally decom-
posable gaseous silicon compound.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE is a partial sectional view of an embodi-
ment of a reaction container constructed in accordance
with the principles of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention provides a reaction container for ther-
mal deposition of elemental silicon which i1s substan-
tially non-contaminating and thermal stress-free so that
relatively thick layers of elemental silicon which are of
uniform purity throughout the thickness thereof may
be readily produced.

In accordance with the principles of the invention,
the reaction container i1s comprised of a silver base
plate and a tubular member closed at the upper end
thereof and open at the lower end, which lower end is
in contact with the base plate so as to define a reaction
chamber therein. At least the lateral side wall portions
of the tubular member are composed of pure silicon. In
a preferred embodiment, the entire tubular member is

- composed of the pure silicon.

40

No. 3,918,396 1s surrounded by a pressure chamber |

containing a pressurized gas forcing the lower edge of
the bell jar against the silver plate in a gas impermeable
manner. The pressure chamber 1s defined by a steel or
the like container adapted to be positioned onto the
steel plate of the earlier described support member and
includes a gas inlet for the pressurized gas and a mo-
nometer for controlling the pressure within the cham-
ber of the steel container. A pressure-resistant observa-
tion window may be provided along a wall portion of
the pressure container for observing the deposition of
silicon on the mandrels within the bell jar.

When this type of apparatus is utilized for depositing
large amounts of silicon, difficulties are encountered in
that the first deposited silicon is purer than the later
deposited material. Apparently, this 1s due to increas-
ing thermal stresses on the quartz or rotosil bell jar.

- Of course, this drawback is also present when more
conventional reaction containers are used, i.e., the
reaction apparatus as described in U.S. Pat. No.
3,918,396 but without an external pressure container.
‘The thermal stresses on the walls of a reaction con-
tainer cannot be easily compensated by a correspond-
ing cooling because this would endanger the deposition
process occurning within the reaction container.
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An embodiment of the invention is shown in the
drawing. A silver base plate 1 may be provided with a
centrally located aperture 1a and a pair of spaced-apart
apertures 1b, 1b, respectively. A pair of concentrically
mounted tubes 4 and 3 are provided so that the outer
larger diameter tube 4 is joined in a gas impermeable
manner to the base plate 1 at the periphery of aperture
1a. A suitable reaction gas source (not shown) may be
connected to the inner smaller diameter tube 3 for
controlled feeding of a reaction gas therethrough.
Spent reaction gas may be withdrawn through tube 4. A
pair of electrodes § and 6 are each inserted within the
respective apertures 15, 1b and suitably insulated from
the stlver base plate 1, as with a gas impermeable die-
lectric plastic material, so that an upper end thereof
extends above the base plate 1 while a lower end
thereof extends beneath the base plate 1 and is con-
nected to a suitable voltage or energy source. The elec-
trodes also function as supports for a pair of rod-shaped
carrier members or mandrels 7, which may be com-
posed of pure silicon. The mandrels are of equal length

-and are vertically supported at one end thereof by the

respective electrodes and joined together across the
upper ends thereof with a bridge member 7a, which
may be composed of a temperature-resistant electri-
cally conductive material or of silicon.

The silver base plate 1 is attached in a gas imperme-
able manner to a suitable perforated support plate 8
composed, for example of steel, such as Va steel.

In the embodiment illustrated, the upstanding man-
drels and adjacent space are enclosed by a tubular
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member 9 in the form of a bell jar composed of pure
silicon. The tubular member 9 is sealed in a gas imper-
meable manner to the base plate. Such a reaction con-
tainer is of particular advantage because of the thermal
screening provided to the reaction chamber. In the

form shown, the tubular member or bell jar 9 is pro-
vided with flange 10 along the lower edge of the bell jar

so as to facilitate forming a gas impermeable seal be-
tween the lower edge of the bell jar and the silver base
plate. An O-ring 11 may be provided between the base
plate and the bell jar to improve the seal therebetween.

In another embodiment of the invention, the tubular
member 9 may be comprised of a silicon tube of a size
similar to the bell jar and which is either closed at one
end thereof or opened at both ends thereof. Such sili-
con tubes may be produced in accordance with the
technique described in German Offenlegungsschrift
2,050,076 (which essentially corresponds to U.S. Pat.
No. 3,746,496). Silicon tubes which are closed at one
end thereof during their manufacturing process may be
utilized as such to form the reaction container of the
invention. In Instances where an open-ended silicon
tube is utilized, it is necessary to hermetically seal the
upper end thereof with a lid composed of fine silver,
VA steel, graphite or silicon. With this type of arrange-
ment (i.e., when the upper wall of the reaction con-
tainer 1s not composed of silicon) it 1s advantageous to
subject such wall to a sufficiently low temperature
during the deposition process to substantially prevent
any silicon from being deposited thereon during the
deposition process. This may be accomplished by using
a bridge member 7a which has a sufficiently large diam-
eter so that it does not heat up sufficiently for silicon
deposition. The upper portion of the reaction con-
tainer, i.e., the tubular member, whether a bell jar, a
closed tube or an open tube, is preferably so formed
that the lower edge thereof includes a flange, which
may be suitably ground to provide a matching surface
for mating with the base plate in a gas impermeable
manner. | | |

A method for producing a pure silicon bell jar, such
as shown in the drawing, may comprise a technique
utilized to produce silicon tubes. For example, a graph-
ite mandrel having a shape and dimension correspond-
ing to a desired silicon bell jar may be heated in an
inductive alternating field in the presence of a suitable
reaction gas capable of yielding elemental silicon (such
a reaction gas may comprise a mixture of hydrogen or
some other reducing gas and a silicon halogenite such
as SiHCl, or SiCl, or some other thermally decompos-
able gaseous silicon compound), so that the mandrel
attains a temperature of about 1000° to 1200° C. as
evenly as possible and in the absence of oxygen or some
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other oxidizing agent whereby a layer of elemental

silicon precipitates onto the mandrel in a uniform wall
thickness of about 2 to 4 mm.

This type of procedure is known, for example, from
German Offenlegungsschrift 2,022,025 (which essen-
tially corresponds to U.S. Ser. No. 87,205, ﬁled Nov. 5,
1970, now abandoned).

When producing hollow semiconductor members

with the aid of a graphite mandrel as described above,
it is preferable to utilize a rotationally symmetrical bell
jar-shaped hollow mandrel member. A rod-shaped
electrode may then be positioned inside such a hollow
mandrel so as to contact the apex of the dome of the
bell jar-shaped mandrel and a ring-shaped electrode
may be positioned so as to contact the inner circumfer-
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ential edge of such mandrel. This mandrel-electrode
structure may-be then positioned in a suitable reaction
container, for example, such as shown in German Pat.
No. 1,805,970 (which essentially corresponds to U.S.

Pat. No 3,892.,827), and be subjected to a uniform

effect of a reaction gas, which upon contact with the
heated mandrel thermally decomposes and deposits

pure silicon on the periphery thereof until a layer in a

‘thickness of about 2 to 4 mmm has grown. After cool-

ing, the mandrel is simply pulled from the outer silicon
member without destruction thereof. The lower edge of
the silicon bell-shaped member may then be ground to
define a planar surface, which when brought into
contact with the base plate (composed of silver or VA
steel) defines a gas impermeable seal.

German Offenlegungsschrift 2,060,651 (which es-
sentially corresponds to U.S. Ser. No. 205,492, filed
Dec. 7, 1971, now abandoned), discloses a technique
for producing silicon tubes having a bulge or the like at
the edges thereof via thermal deposition from a gaseous
reaction phase. Generally, this is accomplished by pro-
viding a ring-shaped indentation in the mandrel which
is of a size corresponding to the desired bulge in the
silicon tube or by providing increased heat to a select
ring-shaped zone of the mandrel in relation to the heat
supplied to the remaining mandrel surface, as by in-
cluding an inner conductor positioned concentrically
within the mandrel and which is provided with a suit-
able current.

In a similar fashion, a ring-shaped bulge may be pro-
duced on a silicon bell jar or tube of the type used as a
tubular member in the reaction container constructed
in- accordance wtih the principles of the invention.
Such a ring-shaped bulge facilitates the planar grinding
of the lower edge of a silicon jar for improved hermetic
sealing thereof with the base plate. However, such a
bulge may also be provided with a precisely ground
groove or ridge at the inside or outside surface thereof
for mating with a correspondingly shaped ridge or
groove on the base plate so as to form an improved

seal.
The hermetic or gas lmpermeable sealing between a

silicon tubular member 9 (whether in the shape of a

bell jar or a tube) and the base plate 1 may be attained
via an oil seal or some other suitable gas impermeable
sealing means. However, a preferred embodiment com-
prises positioning the reaction container (members 9
and 1) in a pressure housing 12 as shown in the draw-
ings.

In the embodiment shown, a pressure housing 12,
composed of a metal or the like, is positioned so as to
encompass the tubular member 9 and rest on the outer
edges of the support plate 8. The pressure housing 12 is
provided with a gas inlet 13 for a pressurized gas, pref-
erably an inert gas such as nitrogen or a rare gas. A
monometer 14 is also provided on housing 12 for regu-
lating a desired amount of pressure within the housing
12. The pressure-resistant window 15 may be provided
in a wall of housing 12 to enable an operator to observe
the silicon deposition process occurrmg within the
reaction container.

However, since the lateral silicon walls of member 9
are not light-transparent and cannot be readily pro-
vided with a suitable transparent window which can
withstand the large temperature ranges encountered,
an operator has difficulty in visually observing the de-
position process occurring on mandrels 7. Pure silicon
is, however, transparent to infrared having a wave-
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length wherein A > 1.1 um. Accordingly, the lateral
walls of a tubular member 9, which may have a thick-
ness of several cm are sufficiently permeable by infra-
red radiation to allow one to observe the glowing man-
drels 7 and 7a without difficulty via an infrared picture
converting means positioned outside the reaction con-
tainer and outside the window 18 of the pressure hous-
ing 12 (which window may also be composed of sili-
con).

In the embodiment shown, such an infrared picture
converting means comprises a television camera 16
associated with an infrared optical system, an infrared-
sensitive vidicon, and coupled with an image-reproduc-
ing device. As shown, this system is positioned outside
the pressure housing in line for observing and supervis-
ing the deposition process occurring within the reac-
tion container.

Preferably, the television camera 16 is orientated so
that the sensing lines thereof are orientated perpendic-
ularly to the infrared image of the mandrels 7 which are
projected by the optical system of the camera onto the
vidicon of the camera. When the camera remains sta-
tionary, the electron beam which senses the image on
the vidicon is modulated by the infrared image so that
the modulation of the beam is fixed with respect to time
by the diameter of the image of the mandrels 7 at the
intersection of the respective sensing lines and the
amplitude of the beam is fixed by the infrared bright-
ness of the image at the respective sensing lines. In this
manner, the thickness of the silicon layer grown on
mandrels 7 can be observed and controlled, along with
the temperature thereof, in a manner similar to that
disclosed 1In German Offenlegungsschrift 2,113,720
(which essentially corresponds to U.S. Pat. No.
3,757,071) 1n relation to control and observation of a
crucible-free zone melt process via an optical television
system. |

As 1s apparent from the foregoing specification, the
present invention is susceptible of being embodied with
various alterations and modifications which may differ
particularly from those that have been described in the
preceding specification and description. For this rea-
son, it is to be fully understood that all of the foregoing
1s intended to merely be illustrative and is not to be
construed or interpreted as being restrictive or other-
wise limiting of the present invention, excepting as it is
set forth and defined in the hereto-appendant claims.

I claim as my invention:

1. In a reaction container for deposition of elemental
silicon from a reaction gas capable of thermally decom-
~ posing and depositing elemental silicon onto heated
silicon mandrels positioned within the reaction con-
tainer, wherein the reaction container includes a plate-
shaped support member having apertures for mounting
thereon gas inlet and outlet tubes for supplying and
removing the reaction gas to and from such container
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to encompass the mandrels, the improvement compris-
ing wherein: |
said tubular member has all portions thereof com-
posed of pure silicon;
the mandrels positioned within said tubular member
comprise two parallel silicon rods having a lower
end thereof mounted on the electrodes and having
a conductive bridge member connected across the
upper ends thereof, said bridge member having a
cross-section of such size that the current passing
through the mandrels and the bridge member from
the electrodes is insufficient to heat such bridge
member up to the deposition temperature but said
current is sufficient to heat the mandrels to the
deposition temperature;
the tubular member is forced against the plate-
shaped support member In a gas impermeable
manner with the aid of a pressurized inert gas
contained within a pressure housing sufficient to
encompass said tubular member and support

member;
the wall portions of the tubular member laterally

encompassing the mandrels are of a thickness suffi-
cient to allow infrared radiation emitted by the
heated mandrels during the deposition process to
pass therethrough, and including an infrared im-
“age-converting means positioned outside the reac-
tion container for sensing such infrared radiation
and producing signals for controlling the dimen-
sions of the silicon layers deposited on the man-
drels and for controlling the temperature of such
mandrels; and

said infrared image-converting means comprising a

television camera having a optical reproduction
system adapted for infrared radiation and an infra-
red responsive vidicon coupled therewith in an
operative manner.

2. In a reaction container as defined in claim 1
wherein said wall portions of the tubular member later-
ally encompassing the mandrels, are of a thickness in
the range of about 1 to 4 cm.

3. In a reaction container as defined in claim 2
wherein said wall portions of the tubular member later-

‘ally encompassing the mandrels, are of a thickness in

the range of about 2 to 3 cm.

4. In a reaction container as defined in claim 1
wherein said tubular member includes a lower periph-
eral planar end surface adapted for mating with an
upfacing surface of the plate-shaped support member.

5. In a reaction container as defined in claim 1
wherein said plate-shaped support member is com-
posed of a metal selected from the group consisting of
silver, fine silver and VA steel.

6. In a reaction container as defined in claim 1
wherein said tubular member is in the shape of a bell

jar.

7. In a reaction container as defined in claim 1
wherein said tubular member comprises and open-
ended silicon tube having an upper end thereof hermet-

as well as spaced-apart electrodes which support the 60 ically sealed with a lid composed of a material selected

mandrels and a tubular member positionable in a gas
impermeable manner onto said support member so as

65

from the group consisting of silver, fine silver, VA steel
and pure graphite.
*¥ ¥ ¥ kX%
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